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1. Introduction 
With increasing mechanisation in floriculture, vegetable growing and in 
arboriculture, an artificial substrate to replace normal potting soil 
would be a welcome improvement for growing a number of crops. 
One advantage of such a method is that, starting with the "pot-in-pot" 
system, repotting can be mechanized, just as planting in soil blocks 
for vegetable growing. This can be labour saving. Another important 
point is, that the materials are sterile and homogenous. A very im-
portant factor is that export to countries, which forbid import of 
plants in normal soil, can be reopened. 
When the materials are light in weight, transport costs can be kept low. 
This growing method has also some drawbacks for example, the water 
supply of the plants must be very well controlled. 
A complete nutrient solution, based on the local water composition has 
to be given when watering. This may be more expensive. 
Since most of the substrates have no buffering capacity a nutrient im-
balance can be disastrous. 
Till 1971 little had been done in the Netherlands, on the growing in 
artificial media. We knew that there were some artificial media and in 
Denmark in 1970 we saw a new one in use, namely rockwool. It seemed to 
us a very interesting medium, especially for mechanisation of plant 
growing. In 1971 the research programme was started at Wageningen. 
2. Growing media 
In alphabetical order a discussion follows of the best known artificial 
media: 
2.1. Baystrat 
Under t h i s name "Bayer-Holland" sold a synthet ic m a t e r i a l , made from 
Polyurethane foam with v e r t i c a l pores . I t i s a very l i g h t m a t e r i a l , in 
dry condi t ion the weight i s about 12-20 grammes per dm3. 
When Baystrat i s sa tura ted with water , about 50-70% of the pores are 
f i l l e d with water. That means t ha t the bottom of the subs t ra t e i s 
sa tura ted for 100%, while the degree of sa tu ra t ion t o the top diminishes 
r a t h e r quickly. 
In f igure 2 you see the water r e t e n t i o n curve for Bays t ra t . These data 
are obtained by J . Willumsen from the Univers i ty of Copenhagen. 
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Pea t i n H o r t i c u l t u r e 
Because of the vertical pores the roots reach the "bottom of the blocks 
much sooner than the sides. 
It is advisable to put the medium on a flat bottom. Before cutting the 
substrate has to be watered. 
Baystrat is a very soft material, so it is possible to insert every 
kind of cutting ranging from woody to herbaceous ones. 
It is very important that cuttings are not put in deeper than 1-1\ cm. 
(remember the water retention curve). 
The young rooted plants may only be potted when the roots are outside 
the blocks. 
This is very important, since after potting in normal soil, most of the 
water in the blocks will be sucked out by the soil. That implies also, 
that the young plants have to be watered more in the first two weeks. 
Sideways pressure does not harm the roots, vertical pressure must be 
avoided, to prevent breaking the roots. 
In moist condition the pH of the material will be slightly acid to 
neutral. The medium is sterile, that means that desinfective measures 
are superfluous. 
2.2. BR-8 
This medium comes from the U.S.A. and i s made from wood pulp t o which 
an ac ry l a t e i s added by means of a c a t a l y t i c process . By polymerization 
the a c r y l a t e i s bound to the wood f i b r e s . 
During the production process of the b locks ,ho les w i l l be pressed i n . 
At the same time n u t r i e n t s are added t o the b locks : n i t rogen phosphorus, 
potassium and t r a c e elements. The pH i s 6,5 ± 0 .2 . The buffer ing capa-
c i t y of the mate r i a l i s very good. The ca t ions exchange capaci ty i s 
T5 meq/100 g m a t e r i a l , t h a t i s about the same as a mixture of t o r f -
ve rmicu l i t e . I t i s very firm mater ia l and remains so a f t e r use . A 
number of blocks a re on the market with d i f f e r en t dimensions for 
imprinted ho l e s . For the Netherlands the mate r i a l i s too expensive. 
2 . 3 . J i f fy-T and J i f fy -9 
Fabricated in Norway these media are wellknown in the Netherlands. They 
are made from young peat-moss. 
The blocks a re pressed in the form of t a b l e t s with a diameter of U,5 cm 
and a height of 9 m . In t h i s condi t ion the re i s a maximum of 20% 
moisture. During the swell ing process the blocks can take up approx. 
60-70 ml water , t h i s means about s ix times t h e i r own weight. After 
swell ing the height i s about 5»5 cm. During the production process a 
number of n u t r i e n t s are added. 
On the market the J i f f y products can be bought with pH = 5.5-5.9 and 
with pH = 6 . 0 - 6 . 3 . The e s s e n t i a l d i f ference between Jiffy-T and J i f fy -9 
i s t ha t the Jiffy-T t a b l e t s are enc i rc led by a synthet ic n e t , not so 
by J i f f y - 9 . This ne t i s composed of polyethylene and polypropylene. 
The meshwidth i s approx. 2 mm, while the threadth ickness i s about 
îkO microns. The breaking point i s approx. 85 grammes per mesh. When 
dry, no chemical changes w i l l t ake place in the n e t ; t h i s process s t a r t s 
very slowly when the pots are in use . 
With respec t t o the p lan t r oo t s the net i s n e u t r a l . The p lant r oo t s 
a re growing through the meshes in the surrounding s o i l . 
As the roo t s get th icker the meshes "break down. 
J i f fy-7 must be enci rc led "by a net because without a net the pots are 
not s t ab le when wet. 
J i f fy -9 has another add i t i on . The peat-moss composition i s the same 
as by J i f fy -7 but the re i s an addi t ion of a bitumen product . That i s 
why the pot i s so firm a f te r swelling t ha t i t w i l l not co l l apse . 
2 .4 . Quicee Sure-Star t 
This medium i s spec ia l ly made to take c u t t i n g s . I t i s produced by 
F l o r a l i f e Inc . Chicago 111. The medium c o n s i s t s of a phenol-
formaldehyde foam compound. In the U.S.A. t h i s medium i s for sa le in 
several dimensions. 
When using t h i s medium the same r u l e s have t o be appl ied for Bays t ra t : 
The medium must be rooted very well throughout the blocks before 
p l an t ing . Also a f t e r p l an t ing in normal s o i l you have t o water the 
young p l an t s more in the f i r s t two weeks. The medium i s s t e r i l e . 
2 . 5 . Rack-Substrat 
Rack-substrat i s sold by Hartmann I n t e r n a t i o n a l , Western Germany. 
The medium cons i s t s of any given foam, organic or anorganic manuring 
and pea t . So i t i s too var iab le for research work. This mixture w i l l 
be pressed t o blocks with or without a per fora ted f o i l . 
The products are on the market in severa l dimensions. After p lan t ing 
the water supply i s very importantbecause the s o i l in which the young 
p l an t s a re planted sucks the water very quickly out of the s u b s t r a t e . 
2 . 6 . Rockwool 
The artificial medium "Rockwool" was discovered in 1969 by B^vre and 
Knoblauch, from the research station in Hornum, Denmark. Now it is 
manufactured by the firm Grodania at Hedehusene. The trade name of the 
medium is "Grodan". 
Rockwool is made from a mixture of 60% diabase, 20% limestone and, 
after adding 20% cokes it is melted at a temperature of ± 1500-2000°C. 
The molten substance is extruded to threads of 0.05 mm and pressed into 
sheets weighing 80 kg per up. During cooling off,a phenol resin is 
added when the temperature is about 200°C. After adding the phenol 
resin, the rockwool can take up water, for the surface tension diminishes. 
The percentage of pores of the manufactured rockwool is about 96. All 
the pores have about the same size and this has very important conse-
quences for the water holding capacity. 
The next table shows the percentages of water and air in the material 
with increasing height. 
Since it is a sterile medium, desinfective measures are superfluous. 
At this moment two kinds of blocks are available: cutting blocks and 
growing blocks. 
The cutting blocks are manufactured on a layer of paper of 30x30 cm, 
comprising 36 (5x5x5 cm), 6k (3,8x3,8x3,8) or 100 (3x3x3 cm) blocks, 
depending on the size of the blocks. To simplify handling all the 
blocks have small holes. 
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Tafele 1 - Water- and air management in Rockwool "blocks depending on 
the height of the pot. 
Height above % dry matter % water % air % pores 
water tahle (cm) 
- --- -- - --— 
5 3,8 82 11* 96 
10 3,8 38 58 96 
15 3*8 U 12 2L_ 
In figure 3 you see the water retention curve for rockwool. These data 
are also from the University of Copenhagen. 
The growing "blocks are of several sizes. At this moment there are "blocks 
of 0,4, 1,2,3 and 6 1. 
Grodania introduced the so-called "pot-in-pot" system (fig.1 ), with 
the following combinations: 
3,8 cm. cutting block-»-1 1. growing block -»-6 1. growing block. 
0,4 1. block -*• 1 or 3 1. growing block. 
When we put the blocks on a layer of rockwool and we supply this layer 
with water and nutrients,it is possible to simplify the entire growing 
system from beginning to end. It is to be expected that soon the 
supply of water as well as nutrients can be controlled automatically. 
When planting plants raised in rockwool into normal soil or in larger 
rockwool blocks it is necessary that the plants are rooted very well 
throughout the blocks. 
At first the soil must be kept at field capacity by frequent irrigations 
The chemical composition of rockwool is: 
S.0 kf% MgO 10? 
Al 0 lh% MnO -\% 
TiO \% Na20 2% 
FeO 8% K20 \% 
CaO 16? 
In new material the pH is relatively high (>7), (we measured sometimes 
9-9-5), but by watering the rockwool before use for some hours the pH 
decreases rather quickly and by adding some acid it is easy to attain 
a pH = 6. 
3. Results of growing trials 
3.1. Rooting cuttings 
All the cutting trials had been done under mist propagation. We started 
in 1971 with the media previously discussed. At first we experienced 
many complications for most of the media were too wet and we inserted 
our cuttings too deep. 
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After putting the jlocks upon a wire grid and by cutting to max. 1 cm 
depth all problems were solved and all the trials were successful. 
They were successful in so far that it is possible to root plants in 
all the media but there are differences in growth rate. 
We found the best results with Jiffy products and with rockwool. Having 
enough experience with Jiffy, we continued with rockwool. 
One of the most interesting things with rockwool is the "pot-in-pot" 
system, especially with a view to mechanization and labour saving. In 
the following trials we only compared rockwool with normal soil. 
3.2. The nutrition 
I have had a lot of advice from Mr. Steiner, who is working on hydropo-
nics at the CPO in Wageningen. 
Nutrient added in grammes per 1000 1. water based on pH = 6. 
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With this nutrient solution nursery stock, flowers and vegetables were 
cultivated. 
3.3. Nursery stock 
With mist propagation cuttings in 3,8 cm rockwool blocks as well as in 
normal soil: 
Chamaecyparis lawsoniana "Columnaris", 
Forsythia intermedia, 
Weigelia florida "Nana variegata", 
Buddleia davidii crispa, 
Buxus sempervirens, 
Euonymus. fortunei "Gracilis", 
Lonicera ledebourii, 
Lonicera nitida "Hohenheimer Findling", 
Salix sachalinensis "Sekka", 
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Symphor i c arpus c henault i i, 
Cotoneaster salicifolia var. floccosa. 
The plants were potted either in 1. rockwool "blocks or in 1 1. pots 
with soil at the moment that the propagated plants were rooted very 
well throughout the blocks. At that moment there was not any difference 
"between rockwool and soil. 
After hardening off>all the plants were put out on sand beds in the 
open air and cultivated to a marketable size. 
Water and fertilizer were given automatically by an electrical moisture 
sensor. The adjustment is based on measuring the moisture capacity of 
the sand beds by the apparatus, So every time that it is too dry the 
apparatus comes in and gives water as well as nutrients. 
The growing results were favourable. None of the plants grown in rock-
wool were inferior to those grown in soil. 
Depending on the crop the growing period was 1 or 2 years, exept for 
the Chamaecyparis plants, which are now 3s years old and still 
flourishing. 
3.^. Floriculturals 
Trials with chrysanthemum, hibiscus and miniature roses proved that it 
is well possible to grow a number of floriculturals in artificial media. 
For the future I am especially thinking of industrial plant growing 
as can be done for example with chrysanthemum, Saintpaulia, Euonumus 
Poinsettia, miniature roses and bulb flowers. 
After selling, the flowering time is the same as for plants grown in 
normal soil. 
You can give some simple nutrients but it is not necessary. 
k. Summary 
T r i a l s in 1971-1973 proved t h a t the re are good p o s s i b i l i t i e s t o cut and 
t o grow a l o t of h o r t i c u l t u r a l crops in the a r t i f i c i a l media Bays t r a t , 
BR-8, J i f f y - 7 , J i f f y - 9 , Quickee-Sure-Star t , Rack-substra t and rockwool. 
Knowledge of t h e p rope r t i e s of the d i f f e r en t ma te r i a l s i s e s s e n t i a l for 
obta ining good r e s u l t s . 
If p lanted out in to the s o i l , the propagated p l an t s have to be rooted 
very wel l throughout the b locks . 
The s o i l must be a t f i e l d capaci ty by regula r i r r i g a t i o n during the 
f i r s t weeks a f t e r p l an t ing . The ma te r i a l s a re free of d i s ea se , whereas 
s o i l des infec t ion i s superfluous. At t h i s moment rockwool i s the most 
i n t e r e s t i n g medium for i t i s the only one in which we can make a 
complete crop, because the other a r t i f i c i a l media are only obtainable 
in blocks of small s i z e . 
The composition of the n u t r i e n t so lu t ion depends on t h e qua l i t y of the 
ava i l ab l e water . In Holland we only can use well-water of good q u a l i t y , 
r a i n water and t ap water. 
The "po t - in -po t " system can be mechanised and i s labour saving. 
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Figure 1 - Grodania "pot-in-pot" system 
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Figure 2 - Wat«rr«t«.tloncurv« for Baystrat. 
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Figure 3 - Wit«rr«ttntloncurv». for rockwoot. 
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